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Introduction
It is known that there is an ever increasing need for materials with large non-linear optical properties [1] , because such materials may be used in optical infor mation processing, telecommunication etc. [2] . The search for such molecules is greatly facilitated by elu cidating the factors which influence the linear and especially the non-linear electric properties, as well as by revealing the relationships which connect them with other lower order and better understood proper ties. Thus it is considered useful to comment on the relationships which connect the molecular polarisabilities of the methylbenzenes with the number of valence electrons and the total energy. Subsequently the rela tionship of the polarisability (a) with the second hy perpolarisability (y) is discussed. This quantitative ex pression allows a deeper insight into the common trends existing between a and y. These relationships have been investigated by employing methylbenzenes as test models, since these molecules, with their regu lar changes, facilitate the quantification of the obser vations.
For the computation of the properties, the CHF-PT-EB-CNDO [3, 4] method (a brief description of which is given in the Appendix) has been used with the following basis sets:
(a) ring carbon and hydrogen [5] [3d, 6a] . Furthermore, for the properties pre sented we have used normalized values (with respect to the relevant properties of benzene) in order to min imize the effect of any systematic errors due to the approximate nature of the employed method. The relationships involve average values taken over the various isomers of a compound and denoted by E , < 5! and f .
The valence electrons are those which mainly deter mine the magnitude of the linear and non-linear prop erties. In addition, since the CNDO-type methods, explicitly, use only these electrons, a more quantita tive connection, between the polarisability and n (the number of these electrons) was sought. From the pres ent results it is inferred that there is a linear relation ship between ä' and n ( Fig. 1): ä' -0.058 n -0.674 .
(1) In methylbenzenes the number of n electrons remains constant (6). However, substitution of H by CH3 leads to an increase of the a electrons. Thus the methylben zenes are dominated by the a electrons to which, to a great extent, the linear relationship between S! and E is attributed. It is added that a linear relationship has been found between & and E (Fig. 2): «' = 1.765 F -0.690. 2.14 2.14 a The polarisability i and the hyperpolarisability y are given by [9] (Xxx + *yy + <*zz)' t 5 t/ xxxx /'yyyy ^ zzzz ^ /'xxyy 2 j'X X zz ^ ^.vyzr)' where .x, y, z denote Cartesian components. The reported values have been normalized with respect to the corresponding values of benzene. The per-cents, in paren theses, correspond to the maximum difference between the properties of the isomers of a given compound, with respect to the average value. b The coordinates of the molecules have been determined employing data from [10] . c The absolute values of the second hyperpolarisabilities of methylbenzenes are from [11] , Furthermore, the latter property has a rate of change similar to that of E'. On the other hand P' (max)/ P'(min) are 2.19 and 2.14 for P' being E' and f , respec tively. The above observations are very interesting, considering that, in general, the second hyperpolaris ability is much more sensitive than the energy to changes in the molecular structure.
A more comprehensive understanding of the struc tural effects on the properties is provided by consider ing the variation of the properties within each group of isomers. It is then observed ( Table 1 ) that v' is slightly more influenced than a', but both properties are affected considerably more than £'. Steric effects are considered to contribute to the differentiation of the properties of the isomers of each compound. In Table 1 we give, in per-cent (with respect to the aver age value) the maximum difference between the prop erties of the isomers of a given compound.
log Qf' Fig. 3 . Plot of log f vs. log a'.
We find that the relationship between f and of is parabolic as demonstrated (Fig. 3) by the linear rela tionship between log f and log of [6 b]. The empirical equation which results from least squares curve fitting is given by f = C1(dt')C2,
where Cx = 1.028 , C2 -0.661 .
In summary, the present results reveal that the po larisability (of) of methylbenzenes is connected to n
